Introduction
Hantaviruses contain three negative-sense ssRNA genome segments, and form one of five genera of the family Bunyaviridae (Schmaljohn & Dalrymple, 1983) . These viruses are distributed world-wide, and most are aetiological agents for the significant human disease, haemorrhagic fever with renal syndrome (HFRS) (LeDuc et al., 1986) . Recent serological and molecular genetic studies suggest that hantavirus isolates can be grouped as six distinct viruses (Dantas et al., 1987; Lee et al., 1985b; Schmaljohn et al., 1985) . The severity of HFRS disease is dependent to a great extent on the infecting virus. Hantaan virus (HTN), carried by Apodemus mice, causes a severe form of HFRS, whereas Seoul (SEO) virus, which is carried primarily by species of the genus Rattus, causes a less severe form of haemorrhagic fever. Puumala (PUU) virus causes a milder disease, nephropathia epidemica (NE), in Scandinavia and some European areas. No human disease has been associated with Prospect Hill virus (PHV), isolated from meadow voles (Microtus pennsylvania) in the United States (Lee et al., 1985a) . Thailand (THAI) virus, isolated from Bandicota indica (ElweU et al., 1985) , and Thottapalayam (TPM) virus from Suncus murinus (Carey et al., 1971) were suggested only recently as new viruses within the Hantavirus genus.
Hantaviruses are difficult to isolate from field or clinical materials, often requiring multiple passages in cell culture or laboratory animals. They do not cause c.p.e. Cells remain persistently infected with no overt signs of infection, and plaque assays, although possible, are difficult to perform. A sensitive test for detection and differentiation of hantaviruses is needed.
Comparison of nucleotide sequences for several isolates indicated that a considerable difference exists between viruses, even though partially conserved regions can be found (Arikawa et al., 1990; Giebel et al., 1989; Schmaljohn et al., 1987 Schmaljohn et al., , 1988 . We report here our attempts to identify homologous sequence regions for a genus-reactive hantavirus primer pair. We used this primer pair to amplify a large collection of hantavirus isolates, and further characterized amplified products by restriction fragment analysis.
Methods
Homologous sequence search and primer design. Potential candidates for the genus-reactive primers, which share sequence homology with essentially all hantaviruses, were selected with the assistance of the MacVector Sequence Analysis Program v. 3.5, from IBI (International Biotechnologies Inc., 1991) . Nucleotide sequences of M segments of HTN virus strain 76-118 (Schmaljohn et al., 1987) , SEO virus strains HR80-39 (Antic et al., 1991) and SR-11 (Arikawa et al., 1990) , and 0001-0582 © 1992 SGM PUU virus strains H~illn/is B1 (Giebel et al., 1989) and Sotkamo (Y.-K. Chu & J. M. Dalrymple, unpublished data) were aligned, and consensus sequences derived by choosing the most frequently occurring nucleotide at each position. These consensus sequences were used as potential primers. Primers were made using an automated DNA synthesizer (Applied Biosystems).
Viruses. Thirty-seven isolates of six serologically distinct hantaviruses were examined (Table 1) , as were five uncharacterized isolates recently identified in northern Yugoslavia (not shown). PUU virus strain H/illn/is B1 (Yanagihara et al., 1984) , Leakey virus (Baek et al., 1988) and HVI14 (Yang et al., 1988) were provided by Dr R. Yanagihara (National Institutes of Health, Bethesda, Md., U.S.A.), P360 and K27 were from Drs S. Drozdov and E. Tkachenko (Poliomyelitis Institute, Moscow, U.S.S.R.). All other viruses were prepared from stocks stored at USAMRIID, which originated either from donations by investigators who originally isolated the virus, or from the WHO Reference Centre in Seoul, Korea. Viruses were propagated in Vero E6 cell culture as described earlier (Xiao et al., 1991) . All experiments with infectious virus were conducted in the BL3 + containment facilities.
RNA extraction and polymerase chain reaction (PCR).
Total cellular RNA was extracted using the guanidinium isothiocyanate (GIT)/caesium chloride method (Chirgwin et al., 1979) . For confirmation, we extracted RNA directly from several virus stocks without propagation in the laboratory by acidic phenol-chloroform extraction (Chomczynski & Sacchi, 1987) . A 150 lal aliquot of the virus stock was mixed with 250 I~1 of 1-6 × lysis buffer containing GIT and 0-1 volumes of 3 M-sodium acetate (pH 5.2). An equal volume of water-saturated phenol and one-fifth of the total volume of chloroform were then added and vortexed. This mixture was incubated on ice for 15 rain, and centrifuged at 12000 g at 4 °C for 20 rain. The aqueous phase was removed and mixed with an equal volume of isopropanol. Precipitation of RNA was allowed to occur at -20 °C for at least 1 h and the mixture was centrifuged at 4 °C for 30 min in a microcentrifuge. The RNA pellet was washed with 80% ethanol and resuspended in diethylpyrocarbonate-treated H20 for PCR.
In the standard PC R, a total volume of 100 ktl of reaction mixture was prepared. This solution contained 2.5 units of Taq polymerase (PerkinElmer), 40 units of RNase inhibitor (RNasin, Promega), 5.6 units of avian myeloblastosis virus reverse transcriptase (Promega), 200 ~tM each dATP, dCTP, dGTP and dTTP, and 100 picomoles of each primer, in a buffered solution containing 50 mM-KC1, 10 mM-Tris-HC1 pH 8-3, 2-5 mM-MgCI2, 0-01 ~ (w/v) gelatin. Three to 4 ~tg of template RNA was added to each reaction mixture, then covered with 100 Ixl mineral oil. The initial reverse transcription from R N A to c D N A consisted of incubation at 42 °C for 1 h, followed by 35 thermal cycles of 1 min at 94 °C, 1 min at 55 °C and 3 min at 72 °C. A final incubation at 72 °C for "1 min after the last cycle completed the primer extension. Amplified products were detected by staining with ethidium bromide following electrophoresis in an agarose gel.
Restriction endonucleases and restriction fragment analysis. Twenty restriction endonucleases were obtained commercially. Ten 111 of the PCR product was mixed with 1 to 5 units of enzyme in the optimal buffer system specified by the manufacturer, in a total volume of 20 ~tL Reactions were performed at 37 °C for 1 h and stopped by adding 2 ~tl of D N A gel loading buffer (BRL formula). Digested bands were separated by electrophoresis in a 3 % Nusieve G T G agarose gel (FMC BioProducts) prepared with 0.5 x Tris-borate-EDTA buffer. Owing to the relatively small sizes of the digested PCR products, both 1 kb and 123 bp DNA ladders (Gibco BRL) were used as fragment size markers. The fragment sizes (bp) were estimated to a single nucleotide based on the predicted sizes for viruses with sequence data as well as the D N A ladders used. The fragment sizes of other isolates were determined by comparing the position of each band with two D N A ladders and those of the strains with available sequence data.
Results

Amplification of different hantaviruses
Twenty oligonucleotides were tested against the serological representatives of each virus: HTN virus strain 76-118, SEO virus strains HR80-39 and SR-II, PUU virus strain Sotkamo, PHV strain PHV-1, THAI virus strain Thai749 and TPM virus. One primer pair amplified representatives of all the viruses except TPM virus. These oligonucleotides, HG2F1 and HG2RI, were chosen as the generic primer pair for hantaviruses. Table  2 gives their alignment against all known hantavirus sequences. The primers flank a region of 365 bases beginning in the intergenic region and extending into the viral G2 glycoprotein gene. Thirty-six isolates of the five distinct viruses (Table 1) were amplified with this primer pair, and a band of expected size (365 bp) was obtained in agarose gel by staining with ethidium bromide. In addition, five other isolates from northern Yugoslavia which have not been fully characterized were also amplified. However, none of eight heterologous viruses of the family Bunyaviridae, including five nairoviruses (Crimean-Congo haemorrhagic fever, Dugbe, Ganjam, Bandia and Qalyub) and three phleboviruses (Rift Valley fever isolates RVFV-501, RVFV-548 and CL1) was amplified. 
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Restriction endonuclease cleavage of amplified products
To ensure that amplified D N A resulted from different hantavirus templates, P C R products were digested with restriction endonucleases and analysed by agarose gel electrophoresis. Results of representative isolates cleaved with AluI and NspI are shown in Fig. 1 as examples. Of strains with available nucleotide sequence data ( H T N strain 76-118, SEO strains HR80-39 and SR-I 1, T H A I strain Thai749, P U U strain Sotkamo and PHV strain PHV-I), the restriction patterns obtained were consistent with those predicted from the sequence data.
Restriction cleavage patterns of the isolates were arranged into groups as presented in Fig. 2, 3 and 4. Similarities were greatest among isolates of H T N virus, whereas SEO virus isolates could be differentiated from each other, except for Hubei-I and HR80-39 which appeared to be identical. Table 3 lists the fragments of 20 distinguishable hantavirus strains after digestion by 11 restriction endonucleases. Those which had restriction patterns identical to one of the listed strains are not shown. 
Discussion
Nucleotide sequence diversity between members of the Hantavirus genus complicates the routine application of PCR. Definition of a genus-reactive primer pair helps to resolve this problem, making PCR a more feasible laboratory tool for detection and characterization of hantaviruses. In this study, two oligonucleotides (HG2F1 and HG2R1) were selected on the basis of alignment of nucleotide sequences of several hantavirus strains. These primers closely resemble all known hantavirus sequences ( Table 2 ). The primer pair directed PCR amplification of all currently recognized hantaviruses, and was also successfully applied to investigate several newly obtained, previously uncharacterized hantaviruses fromYugoslavia. When amplified products of previously sequenced viruses were digested with restriction endon~cleases, the cleavage patterns observed were consistentwith those predicted from the sequences (except for Hallnas BI), demonstrating that the amplified products original~ed from the target virus DNA. These findings clearly demonstrate the utility of this primer pair as a generic primer for application to this rather heterogeneous group of viruses. Restriction analysis of hantavirus PCR products showed that viruses could be easily differentiated from each other; close similarities existed only among isolates of the same virus. Although 20 different restriction digestion patterns were identified among the PCR products of the 35 isolates examined, those isolates could actually be grouped based on restriction patterns for only five different endonucleases: AccI, BanI, BgllI, NcoI and NspI. The resulting groupings were identical to those previously found using serological methods (Y.-K. Chu, S. Hasty & J. Dalrymple, unpublished data). Thus, the restriction fragment analysis of the PCR products provides a rapid and practical alternative to serological analysis in the differentiation of new hantavirus isolates.
Identical restriction patterns were found among many isolates serologically identified as either HTN or PUU virus; however, almost all of the SEO-like virus isolates could be easily differentiated from each other. These results suggest that isolates of HTN and PUU viruses may each be genetically more homogeneous, whereas SEO-like viruses show considerable genomic heterogeneity. Although genetic reassortment has been demonstrated for other viruses of the family Bunyaviridae, we have no evidence that this occurs among the hantaviruses. The technique described here may provide a useful approach to this question.
Restriction fragment analysis of PCR-amplified cDNA may also prove valuable in monitoring virus stocks for potential contamination. For example, the cleavage patterns of previously sequenced hantavirus strains (76-118, Lee, HoJo, HR80-39, SR-11, Sotkamo, PHV-I and Thai749) matched those predicted from known sequence data; however, the restriction pattern of PUU virus strain H/illn~is B1 did not match that predicted from the published sequence (Giebel et al., 1989) . PCR amplification of RNA extracted directly from the earliest seed stock of Hallniis B1 available confirmed this inconsistency.
Our inability to amplify cDNA from TPM virus and heterologous viruses from other genera of the family Bunyaviridae emphasizes the specificity of this primer pair. If TPM virus is later shown to be a member of the Hantavirus genus, primers to include TPM viruscommon sequences should be sought. This virus was isolated from a shrew (Suncus murinus) captured in India during an investigation of epidemic Japanese encephalitis (Carey et al., 1971) . Early results indicated that it may represent a new arbovirus, but subsequent study found low level cross-reactivity by immunofluorescence assay with HTN virus (J. McCormick, unpublished data) . Limited studies in our laboratory found that it also had some reactivity with a monoclonal antibody directed to epitopes within the HTN virus G2 glycoprotein. Further study will be needed for complete understanding of the relationship between TPM virus and the hantaviruses.
